such as age, sex, ethnicity, and geographic area, 9-14 although total IgE values are not always dependent on specific IgE elevation, which mediates allergic sensitization.
INTRODUCTION
Allergic diseases are increasingly becoming public health problems worldwide. Particularly, childhood allergies, such as asthma, allergic rhinitis, and atopic dermatitis, are more serious because they may lead to lifetime chronic disease. [1] [2] [3] [4] [5] Although various factors have been shown to be involved in allergic diseases, including age, obesity, lifestyle, allergen, air pollution, and climate, 6, 7 the key factors underlying the development of allergic diseases have not been clearly determined. Allergic sensitization is known to be one of the potential factors associated with allergic diseases. 8 Total IgE levels are known to be affected by various factors,
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http://e-aair.org occurs during childhood, but are outgrown with age in most cases. Conversely, new allergen sensitization may appear in adults, such as pollen sensitization, suggesting the occurrence of different allergen sensitization with age. However, some allergens remain persistent, leading to long-lasting allergic diseases through persistent allergen sensitization. [15] [16] [17] [18] [19] Thus, it is necessary to determine what types of allergens are major factors in childhood allergies to establish guidelines for allergy prevention.
Thus, the present study was conducted to better understand the condition of allergic sensitization in preschool children aged 3 to 6 years and the association between serum total and specific IgE levels and the presence of allergic diseases.
MATERIALS AND METHODS

Study population
The subjects were preschool children aged 3 to 6 years who were recruited from 16 childcare centers in 9 administrative districts (gu) in Seoul, Korea. The nine gu were selected by income level (high, middle, and low), and the 16 centers were randomly chosen among 9 districts. A total of 590 participants were surveyed using a questionnaire, and blood samples were collected. The study was approved by the Institutional Review Board (2010-02 CON-14-P), and informed consent was obtained from the parents of the children.
Total/specific IgE levels and skin prick tests
Total and specific IgE levels were measured using the Immuno-CAP 1000 system (Aloka, Japan) and a UniCAP kit (Phadia AB, Uppsala, Sweden), respectively. Specific IgE levels and skin prick tests (SPTs) were determined for the following seven inhalant allergens: Dermatophagoides farinae (D. farinae), cockroach, dog dander, cat dander, alder, mugwort, and Alternaria alternate (A. alternata). The upper limit of the allergen-specific IgE assay was 100 kU/L. Atopy was defined as the presence of serum specific IgE (with a level of ≥0.35 kU/L) or a positive response to a skin prick test of ≥3 mm and allergen wheal size ≥ histamine wheal size (allergen wheal diameters).
Assessment of allergic disease
A modification of the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire was used for the assessment of allergic diseases. The presence of asthma was defined if a child's parents reported "Yes" to the question, "Has your child had asthma diagnosed in the lifetime?" The presence of allergic rhinitis was defined if a child's parents reported "Yes" to the question, "Has your child had allergic rhinitis diagnosed in the lifetime?" Atopic dermatitis was also defined if a child's parents answered "Yes" to the question, "Has your child had AD diagnosed in the lifetime?" The presence of eczema was evaluated by a physician's based on physical examination.
Statistical methods
Total and specific IgE levels were distributed on a log normal scale. Therefore, total IgE levels were logarithmically transformed for statistical analyses. Differences in geometric mean concentrations of total IgE and the prevalence of specific IgE according to population characteristics were analyzed by a t-test and χ 2 test, respectively. The association between allergic diseases and IgE was evaluated by logistic regression adjusted for age, sex, monthly income, maternal education level, body mass index, and a parental history of allergic diseases.
RESULTS
Characteristics of study populations
Patient demographic characteristics are described in Table 1 . When categorized according to age, 19 participants were 3 years old, 140 participants were 4 years old, 172 participants were 5 years old, and 178 were 6 years old. The sex ratio was 1.06 (262 boys and 247 girls). Over 77% of participants reported a household income below 4,300 dollars per month. Sixty-four percent of mothers graduated from a university. Disease diagnoses based on questionnaires were as follows: atopic dermatitis was the most common disease (n=183, 35.9%), followed by allergic rhinitis (n=137, 26.9%) and asthma (n=39, 7.6%). The number of children with physician-diagnosed atopic dermatitis was 73 (14.3%), and 228 participants were found to be normal (44.7%). Table 2 presents the distribution of total serum IgE levels according to independent predictors, including age, sex, monthly household income, and maternal education level for one or more positive responses to the skin prick test. The overall geometric mean of total IgE levels was 80.48±3.80 kU/L. A significant increase was shown from age 3 to 4 years, but no significant change was noted by age 4 to 6 years. The geometric mean at each age was 37.70±5.01 kU/L for age 3 years, 90.93±3.96 kU/L for age 4 years, 73.88±3.55 kU/L for age 5 years, and 86.12±3.72 kU/L for age 6 years. Total IgE levels were significantly higher in boys (boys, 102.34 kU/L; girls, 62.37 kU/L, P<0.001). Additionally, the group with a positive serum-specific IgE response to at least one allergen (atopic group) had higher total IgE levels than the non-atopic group (atopic group, 158.00±3.35 kU/L; non-atopic group; 52.75±3.44 kU/L).
Distribution of total serum IgE levels according to independent predictors
The highest prevalence of atopy was shown at age 6 years and increased according to age (P=0.028). Boys showed a higher atopy prevalence than girls. The prevalence of atopy was significantly lower in the group with a monthly income less than $2,600 as compared with other groups with a monthly income over $2,600. Additionally, total IgE levels (P=0.036) and the prevalence of atopy (P=0.009) were significantly higher in subjects with a maternal education above university level as compared with that in subjects with a maternal education level of high school.
Prevalence of allergen sensitization
The prevalence of serum specific IgE and positive skin test re- 
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http://e-aair.org sponses to the seven inhalant allergens among Korean preschool children aged 3 to 6 years is shown in Table 3 . The prevalence of serum specific IgE to at least one allergen was higher (38.6%) than the prevalence of positive skin test responses (14.7%). The much lower prevalence of a positive skin test response to D. farinae, which is the major allergen that causes allergic responses in preschool children aged 3 to 6 years, lead to the discrepancy between the sensitization rates of the two methods (serum specific IgE, 36.5%; positive skin test responses, 13.0%). The second most prevalent serum specific IgE was to alder, followed by mugwort/A. alternata, cockroach, dog dander, and cat dander. The second most common positive skin test response was to dog dander, followed by alder/mugwort/cat dander, A. alternate, and cockroach. Excluding D. farinae, the positive response rates to six allergens were similar between the specific IgE test and SPT.
Percentile for total and specific serum IgE levels in preschool children
Total IgE levels were differed with age and sex (Fig. 1A) . In boys, the geometric mean of the total IgE level was significantly higher than girls. Additionally, total IgE levels were constantly high across age groups (50th percentile: 102.00 kU/L at 3 years and 108.50 kU/L at 6 years). However, in girls, the total IgE level increased with age (90th percentile: 88.50 kU/L at 3 years and 517.50 kU/L at 6 years).
D. farinae was the most prevalent sensitized allergen in both boys (21.4%) and girls (15.1%). Particularly, serum-specific IgE levels rapidly increased in boys from age 3 to 4 years (90th percentile: 30.93 kU/L at 3 years and 61.00 kU/L at 4 years). However, in girls, serum specific IgE levels to D. farinae increased constantly with age (90th percentile: 0.07 kU/L at 3 years and 72.80 kU/L at 6 years) (Fig. 1B) .
Relationship between allergic diseases and serum total or specific IgE levels at ages 3 to 6 years
The relationships between allergic diseases and total IgE levels are shown in Table 4 . The relationship between total serum IgE-positive and physician-diagnosed atopic dermatitis is clearly shown (P=0.002); however, no significant association was found between allergic diseases and the parent's report. Addi- tionally, as shown in Fig. 2 , the prevalence of physician-diagnosed atopic dermatitis was proportional to the increase in total IgE levels (25th percentile, 7.8%; 50th percentile, 11.9%; 75th percentile, 15.6%; and 90th percentile, 21.4%, P<0.007).
The associations between allergic diseases and specific IgE were examined by multiple regression after adjustment for age, sex, income, and maternal education level (Table 2 ). Significant associations were noted between physician-diagnosed atopic dermatitis and sensitization to inhalant allergens (D. farinae, cockroach, dog, cat, alder, and mugwort). Atopic dermatitis based on the questionnaire was associated with pollen sensitization. Allergic rhinitis, but not asthma, was also related to D. farinae and pollen allergens (alder, mugwort). These results were the same after adjustment for a parental history of allergic diseases.
DISCUSSION
It is important to profile the distribution of serum total IgE levels and atopy prevalence based on positive responses to specific IgE or SPTs in the general population to understand atopic allergic diseases by country and region. Total IgE levels are affected not only by specific IgE, the key factor for distinguishing atopy and non-atopy, but also by various factors, such as age, sex, community, and geographical area. 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Particularly, information concerning the changes in total IgE level and sensitization rate to various allergens is very important to develop markers for allergic disease prevention and control, as well as to provide clinical recommendations to clinicians. This is the first study to show the distribution of the total IgE levels according to age, sex, and allergic disease in a population of preschool children aged 3 to 6 years in Korea.
Fig. 1. Percentile distribution of total and Der f specific IgE levels by age. (A) Percentile for total IgE levels at each age in preschool children. (B) Percentile for Der f
specific IgE levels at each age in preschool children. Notably, serum specific IgE tests demonstrated a positive response rate higher than that of SPTs (serum specific IgE tests, 38.6%; SPTs, 14.7%). This may be due to the difference in the positive response rate to D. farinae (serum specific IgE tests, 37.1%; SPTs, 13.5%). Although further investigations are needed to determine the key factors that evoke the difference between the two methods, a higher positive response rate may be attributed to a higher sensitivity of serum specific IgE tests than SPTs.
31,32 Although we did not describe the comparison between SPTs and serum specific IgE tests throughout the age range in the present study, we examined and analyzed the atopy prevalence from age 10 years to that above age 70 years using the Korea National Health and Nutrition Examination Survey (KNHANES 2011) and Ansung Cohort study in 2011. In those studies, the atopy prevalence was higher for serum specific IgE tests than for SPTs at the age range showing a low concentration of serum specific IgE. However, the atopy prevalence at the age range showing a high concentration of serum specific IgE was similar between both methods and even slightly higher for SPTs. In fact, serum specific IgE levels to D. farinae were low at ages 3 to 6 years as compared with other age ranges in the KNHANES and Ansung Cohort subjects (data not shown). Thus, the higher positive rate of serum specific IgE tests might be due to the high sensitivity of the test with a low concentration of serum specific IgE at ages 3 to 6 years. Remarkably, the total IgE level of preschool children was very high as compared with previous reports from other countries, such as European countries 9 and the United States. 30 Conversely, the positive serum specific IgE response to one or more allergens among the seven allergens was lower than that in the United States, with a wide range of ages above 10 years (45.2%). 30 Additionally, when comparing total IgE levels for atopic and non-atopic groups with other studies, the positive serum specific IgE values were high in both the non-atopic and atopic Korean children subjects, indicating a lower atopy prevalence and higher level of serum total IgE in Korea as compared with that in the United States. The cause may be due to differences in age or ethnicity. 30, [33] [34] [35] Further studies are needed to understand why serum total IgE levels are so high in Korean children.
Notably, subjects with higher maternal education levels or a higher household income had increased total IgE levels, a finding that is quite different from that in previous studies showing an association between low socioeconomic status (SES) and higher total IgE in adults. 30, 34 The relationship among SES, total IgE, and atopy prevalence is controversial. Some studies have reported that a lower SES is related to a higher prevalence of atopy and total IgE or even to a higher asthma prevalence in adults 30, 34, 36 ; however, other studies have found that only a high atopy rate was associated with higher social class, 37, 38 a finding that is somewhat consistent with ours. These discrepancies suggest that total IgE production might be affected by more complex factors than are currently thought.
With respect to sex, the present study also showed higher total IgE levels in boys; it is generally accepted that total IgE levels are higher in boys and men. 30, [39] [40] [41] [42] [43] Particularly, total IgE levels in girls increased with age from 3 to 6 years, while that in boys reached a plateau from 3 to 6 years. This finding implies that total IgE development is slower in girls than boys, resulting in a lower prevalence of specific IgE in girls (boys, 43.35±3.06%; girls, 33.60±3.01%; P=0.028).
In the present study, a significant association between total IgE levels and allergic disease was shown only in physician-diagnosed atopic dermatitis, not in cases of allergic diseases based on the parent's questionnaire. For specific IgE, atopic dermatitis and allergic rhinitis based on the questionnaire was associated with specific IgE to pollen and D. farinae, respectively. However, asthma based on the questionnaire did not show an association with any serum specific IgE to the seven allergens. Thus, asthma did not appear to be associated with total or specific IgE levels, which might be due to several reasons. Because asthma, rhinitis, and eczema are categorized into two groups according to the presence of serum specific IgE, i.e., non-atopic or atopic, IgE levels cannot be simply defined as being related to asthma. Additionally, in the present study, the small number of asthma cases as compared with other cases (asthma, n=39; allergic rhinitis, n=137; atopic dermatitis, n=183), as well as the imprecise definition of asthma in children ages less than 6 years, might affect the results.
Despite the importance of knowledge regarding total and specific IgE levels in preschool children, no significant data previously existed in Koreans because these ages could not be properly surveyed. In the present study, we analyzed total and specific IgE levels and SPTs in 509 children with epidemiological data. The results of this study represent at least a specific group, i.e., 3-to 6-year-old preschool children in Seoul, Korea, which may be useful as a reference value. Additionally, the high response rate of our questionnaire survey (93.3%) allowed us to minimize biases to better understand epidemiological characteristics of this age group. In summary, total IgE levels were extremely high in both atopic and non-atopic children as compared with previous data from other countries. Household income and maternal education level were also important factors for total IgE levels and the presence of atopy. The most prevalent allergen was D. farinae, and over 10.5% of children were sensitized to D. farinae at 3 years of age. Although further investigations are needed regarding total IgE production and sensitization to various allergens in children across a wide age range and with various environmental factors including infection, the total and specific IgE values and distribution in general preschool children described in the current study will be helpful not only to understand allergic sensitization and total IgE production, but also to support the diagnosis and treatment of allergic diseases as a reference value.
